Express Mail Label No. EV320890825US 

■ 

PECA 190C4O/2598 (vliu) 

HIGH FREQUENCY HEATING DEVICE 

r 

FIELD OF THE INVENTION 

[0001] The present invention relates to a high frequency heating device 
utilizing a magnetron, especially to a structural circuit which drives the 
magnetron. 

BACKGROUND OF THE INVENTION 

[0002] Please refer to Fig. 1 which is a schematic diagram of a well-known 
magnetron circuit. As shown in Fig. 1, the magnetron is a vacuum tube for 
generating microwave. Under its normal working conditions, when its cathode 

temperature is over 2100 °K (absolute temperature), a negative high voltage of 

several thousand volts is applied between a cathode and a anode of the 
magnetron. However, different magnetrons have various values of the working 
voltages. The characteristics of voltage verse current relationship substantially 
are the similar. As illustrated in Fig. 2, when the voltage between the cathode 
and the anode reaches to a working voltage, the magnetron emits a microwave. 
After the voltage between the cathode and the anode is clamped or held to the 
working voltage, the characteristic of the magnetron is used to be deemed as a 
voltage stabilizing tube. 

[0003] ' Please refer to Fig. 3 which is a circuit schematic diagram of a 
well-known forward- flyback converter. As illustrated in Fig. 3, the working 
principle of the well-known forward-flyback converter 100 is as follows: A 
driving signal of a main switch 101 and an auxiliary switch 102 is a 
complementary signal. A fifth capacitor 103 is employed in the converter to 



l 



PHCA 190C40/2598 (vliu) 

clampe and control the primary winding voltage of a transformer 104 and to 
magnetically reset the transformer 104. 

[0004] Please refer to Fig. 4 which is a circuit waveform schematic 
diagram of the well-known forward- flyback converter. In Fig. 4, V GS i is a 
driving signal of the main switch 101, V GS2 is a driving signal of auxiliary 
switch 102, Ii represents a conductive current of the main switch 101, and I2 
represents a conductive current of auxiliary switch 102. The advantages of the 
well-known forward-flyback converter are described as follows: (1) The main 
switch 101 and the auxiliary switch 102 are turned on by zero- voltage- switch 
(ZVS), (2) The rectifying diode of the secondary winding is cut off by zero- 
current- switch (ZCS), there are no reverse recovery problem. The drawbacks of 
the well-known forward- flyback converter are described as follows: (1) Because 
the capacitance of the first filtering capacitor 105 is small, in order to reduce a 
current ripple of a first filtering inductor 106, the inductance of the first filtering 
inductor 106 must be enlarged. (2) Because the direct current bias value of the 
magnetic flux in a high voltage transformer is high, in order to prevent the 
transformer from operation at saturation state, the air gap in the core of the 
transformer should increase, therefore, the loss of the transformer increase. 
[0005] For facilitating understanding the problem of the direct current bias 
value of the transformer, it is explained as follows: Fig. 5 is a transformer 
equivalent circuit of the well-known forward-flyback converter. Numeral 1 07 is 
an excited inductor of the primary winding of the transformer 104. Because a 
direct current portion of a current can not flow through a seventh and sixth 
capacitors 108 and 109, no direct current portion of a current flow through the 
transformer 104. The mean-square- value current flowing through the excited 
inductor 106 is equal to Ij n , and an excited current peak value is I m . Assume that 
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the power factor of the power supply is 1, then ij n? Pj n , I m , I m max are calculated in 
the following equations (l)-(4). 
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wherein, i in represents an input current. 

Pj n represents an average input power 



[0006] 



V in represents a mean-square-value of an input voltage 
I in represents a mean-square- value of an input current 
Pout represents a average output power 

7] represents efficiency of a transformer 
Moreover, a direct current bias peak value of a magnetic potential 



in the transformer core is illustrated in the following equation (5). 
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wherein, N represents a coil number of a primary winding 
[0007] However, the direct current bias value of magnetic potential is very 
large under conditions of full load and low input voltage. Therefore, the 
utilization rate of the magnetic core in the transformer is low. Thus, a large air 
gap must exist in the magnetic core of the transformer. Hence, the loss of the 
transformer is enlarged. 

Therefore, in order to solve the above problem and the drawbacks of 
prior art, this invention provides a high frequency heating device. 
SUMMARY OF THE INVENTION 

[0008] The main object of the present invention is to provide a magnetron 
high frequency device which is used to reduce a direct current value in the 
magnetic flux of a high voltage transformer and to prevent the transformer from 
operation at saturation state. 

[0009] It is another object of the present invention to provide a magnetron 
high frequency device which solves the problem of above direct current bias 
relating to input current ripples and the transformer in the circuit and which 
increases the power factor and efficiency of the transformer. 
[0010] It is another object of the present invention to provide a magnetron 
high frequency device which increases the utilization rate of the magnetic core 
of the high voltage transformer in the high frequency heating device. 
[0011] It is another object of the present invention to provide a magnetron 
high frequency device whose output rectifying diode can implement zero- 
current- switch (ZCS) technique and can eliminate the reverse recovery problem 
of the diode to let the high frequency device obtain higher efficiency and 
excellent power density. 
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[0012] According to the above technical concept, the magnetron high 
frequency device includes: 

a filtering inductor coupled to a positive end of a direct current power supply 
and having a first end and a second end; 

a central tap transformer having a central tap end, a first end and a second 
end, said central tap end being connected to said second end of said filtering 
inductor; 

a filtering capacitor a first end of which is connected to said first end of said 
central tap transformer and a second end of which is connected to a negative end 
of said direct current power supply; 

a first switch which is connected in series to said second end of said central 
tap transformer and connected to said negative end of said direct current power 
supply; 

an in-series circuit having a second switch and a second capacitor and 
coupled to said central tap transformer; 

a first capacitor connected to said central tap transformer; 

a rectifying device coupled to a secondary winding of said central tap 
transformer; and 

a magnetron coupled to said rectifying device, 
Wherein, said first capacitor, said second capacitor and said central tap 
transformer forms a resonant circuit. 

[0013] In accordance with the above technical concept, said first capacitor 
is connected in parallel with said central tap transformer. 

[0014] Pursuant to the above technical concept, said first capacitor is 
connected in parallel with said first end and said second end of said central tap 
transformer. 
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[0015] According to the above technical concept, said first capacitor is 
connected in-series with said central tap transformer and is connected in parallel 
with said first switch. 

[0016] According to the above technical concept, said first capacitor is 

connected in-series of said second end of said central tap transformer. 

[0017] In accordance with the above technical concept, said in-series 

circuit is connected in parallel with said central tap transformer. 

[0018] Pursuant to the above technical concept, said in-series circuit is 

connected in parallel with said first end and said second end of said central tap 

transformer. 

[0019] According to the above technical concept, said in-series circuit is 
connected in series with said central tap transformer. 

[0020] In accordance with the above technical concept, said in-series 
circuit is connected in series with said second end of said central tap transformer. 
[0021] Pursuant to the above technical concept, said rectifying device is 
selected from the group consisted of a full wave voltage doubler rectification, a 
half wave voltage doubler rectification, a full wave rectification, and a full 
bridge rectification. 

[0022] According to the above technical concept, said transformer is a 
transformer with leakage inductance. 

[0023] In accordance with the above technical concept, said first capacitor 
is body capacitance of said first switch. 

[0024] The present invention may be best understood through the 
following description with reference to the accompanying drawings, in which: 
BRIEF DESCRIPTION OF THE DRAWINGS 
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[0025] Fig. 1 is a circuit schematic diagram illustrating the conventional 
magnetron of a prior art; 

[0026] Fig. 2 is a schematic diagram illustrating the conventional voltage 
verse current characteristic curve of a magnetron of prior art; 
[0027] Fig. 3 is a circuit schematic diagram illustrating a well-known 
forward- flyback converter; 

[0028] Fig. 4 is a schematic diagram illustrating a circuit waveform of the 
well-known forward- flyback converter; 

[0029] Fig. 5 is a schematic diagram illustrating an equivalent circuit of 
the well-known forward-flyback converter; 

[0030] Fig. 6 is a circuit schematic diagram illustrating a DC/DC converter 
of a first embodiment of the present invention; 

[0031] Fig. 7 is a circuit schematic diagram illustrating an equivalent 
circuit of the DC/DC converter of the first embodiment of the present invention; 
[0032] Fig. 8 is a schematic diagram of an equivalent circuit of the 
secondary winding rectifying circuit of the transformer of Fig. 7; 
[0033] Fig. 9 is an equivalent circuit obtained from simplification 
according to Figs. 7 and 8; 

[0034] Fig. 1 0 is a schematic diagram of a circuit waveform of the DC/DC 

converter of the first embodiment of the present invention; 

[0035] Fig. ll(a)~(g) are a circuit driving schematic diagram of the 

DC/DC converter of the first embodiment of the present invention; 

[0036] Fig. 12 is an equivalent circuit of the DC/DC converter of the first 

embodiment of the present invention; 

[0037] Fig. 13 is an equivalent analysis circuit of the first embodiment of 
the present invention; 
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[0038] Fig. 14 is a schematic diagram illustrating a voltage waveform of 
the node Nl voltage and filtering capacitor voltage Vcl of the DC/DC converter 
of the first embodiment of the present invention; 

[0039] Fig. 15 is a circuit schematic diagram illustrating an inverter 
portion and a rectification portion of the DC/DC converter of the first 
embodiment of the present invention; 

[0040] Fig. 16 is circuit schematic diagram of part of the DC/DC converter 
of the second embodiment of the present invention; : 

[0041] Fig. 17 is circuit schematic diagram of part of the DC/DC converter 
of the third embodiment of the present invention; 

[0042] Fig. 18 is circuit schematic diagram of part of the DC/DC converter 
of the fourth embodiment of the present invention; 

[0043] Fig. 19 is circuit schematic diagram of part of the DC/DC converter 
of the fifth embodiment of the present invention; 

[0044] Fig. 20 is circuit schematic diagram of part of the DC/DC converter 
of the sixth embodiment of the present invention; 

[0045] Fig. 21 is circuit schematic diagram of part of the DC/DC converter 
of the seventh embodiment of the present invention; 

[0046] Fig. 22 is circuit schematic diagram of part of the DC/DC converter 
of the eighth embodiment of the present invention; 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0047] Please refer to Fig. 6 which is a circuit schematic diagram 
illustrating a DC/DC converter of a first embodiment of the present invention, 
which is a current tapping transformer (CTT) DC/DC transformer. As 
illustrated in Fig. 6, a high frequency heating device 200 includes a filtering 
inductor 201, a central tap transformer 202, a filtering capacitor 203, a first 
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switch 204, an in-series circuit including a second switch 205 and a second 
capacitor 206 connected in-series, a first capacitor 207, a rectifying device 208 
and a magnetron 209. The filtering inductor 201 which has a first end and a 
second end is coupled to a positive end (+) of a direct current power supply V dc . 
The central tap transformer 202 includes a central tap end, a first end and a 
second end. The central tap end is connected to the second end of the filtering 
inductor 201. The filtering capacitor 203 has a first end and a second end. The 
first end of the filtering capacitor 203 is connected to the first end of the central 
tap transformer 202 and the second end of the filtering capacitor 203 is 
connected to the negative end (-) of the direct current power supply V dc . The in- 
series circuit is connected in parallel with the central tap transformer 202. The 
rectifying device 208 is connected to the secondary winding of the central tap 
transformer 202. The magnetron 209 is connected to the rectifying device 208. 
The first capacitor 207, second capacitor 206 and the central tap transformer 202 
forms a resonant circuit. The rectifying device 208 can be a full wave voltage 
doubler rectification. The full wave voltage doubler rectification includes first 
and second diodes 210, 211 and the third and fourth capacitors 212, 213. For a 
microwave oven, a direct current-direct current converter (DC/DC converter) of 
a current-type output involves no reverse recovery problem with respect to the 
rectifying device and is suitable for providing a high voltage output. In the 
present invention, the structural circuit is applied to the DC/DC converter of a 
current-type output. The DC/DC converter of the present invention has the 
advantages of the circuit of Fig. 3 and solves the problem of input ripples and 
the bias value of the circuit shown in Fig. 3. It can be proved that the power 
factor and efficiency of the present invention are better than those of Fig. 3. 
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[0048] Please refer to Fig. 7 which is a circuit schematic diagram 
illustrating an equivalent circuit of the DC/DC converter of the first embodiment 
of the present invention. In order to analyze the working principle of the circuit 
of Fig. 6 and to simplify the circuit, it is analyzed as illustrated in Fig. 7. In one 
working cycle, we assume as follows: (1) Because the inductance of the filtering 
inductor 201 is a larger value, we assume it to be equivalent to a current source 
214; (2) Because the capacitance of the clamping capacitor (second capacitor) 
206 is a larger value, we assume it to be equivalent to a voltage source V c2 ; (3) 
When the magnetron is operated, its characteristic curve is equivalent to a 
voltage source V m ; (4) A direct current part of a current can not flow through 
the primary winding nl of the transformer 202, therefore, all the input direct 
current part flows through the winding n2. The direct current part can be 
deemed to be equivalent to a current source I m2 with its magnitude of I in ; (5) 
After the power consumed at the cathode heating part of the magnetron is 
compared with the working power, the power consumed is so small that it can 
be ignored during analysis. Only the secondary winding n3 is needed to be 
analyzed. L S i and L S 2 respectively represent leakage inductances of the 
transformer windings nl and n2. L ml and L m2 respectively represent excited 
inductances. The first capacitor 207 can be equivalent and connected in parallel 
with both ends of the main switch 204. The main switch 204 and the auxiliary 
switch 205 have two parasitizing diode Dl, D2. The transformer is a high 
voltage transformer. In order to have a good insulation, the primary winding 
and second side winding are separately wound so as to generate a larger leakage 
inductance. But, the primary winding and the secondary windings can be well 
coupled so as to ignore the leakage inductance. 
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[0049] In order to further simplify the equivalent circuit of Fig. 7, the 
secondary winding rectifying circuit of the transformer 202 is simplified as 
illustrated in Figs. 8A and 8B. The working procedure of Fig. 8A shows a 
current in the winding n3 flows in different direction with the results equivalent 
to a circuit shown in Fig. 8B. 

[0050] The equivalent circuit of Fig. 8 is summed up. An equivalent 
circuit of Fig 9 can be obtained after simplification. 

[0051] Please refer to Fig. 10 which is a schematic diagram of a circuit 
waveform of the DC/DC converter of the first embodiment of the present 
invention wherein V p i is an end voltage of the primary winding nl, V p2 is an end 
voltage of the primary winding n2, i LM1 is an excited current of the primary 
winding nl, i LM2 is an excited current of the primary winding n2, V D si is a 
crossing voltage crossing the main switch 101, V DS 2 is a crossing voltage 
crossing the auxiliary switch 102, i DS1 is a current of the main switch 101, i DS2 is 
a current of the auxiliary switch 102, i s is a current of the secondary winding, V s 
is an end voltage of the secondary winding. As illustrated in Fig. 10, the main 
switch 204 and the auxiliary switch 205 are interactive to complementarily 
conduct. In one working cycle, the DC/DC converter can have 7 operation 
modes. 

[0052] At first, a steady state analysis is carried out with respect to the 
circuit. With respect to the loop linking from the positive terminal of the direct 
current power supply V dc (+) to the second filtering inductor 201 to the primary 
winding nl to the second filtering capacitor 203 to the negative terminal of 
direct current power supply V dc (-), because no direct current voltage portion of 
a current can flow through the second filtering inductor 20 1 and the primary 

winding nl, the direct current voltage V C i at the second filtering capacitor 203 is 

11 



PECA 190C40/2598 (vliu) 

equal to input voltage V dc (V dc is a rectified voltage of sine wave of 120Hz). 
Due to a smaller value of the capacitance of the second filtering capacitor 203, 
Vci actually is a half sine wave at a frequency of 120Hz. Because the V C] is 
connected with a high frequency inverter portion, it generates a large voltage 
ripple. 

[0053] With respect to the loop linking from positive terminal V dc (+) of 
the DC power supply to the second filtering inductor 201 to the secondary 
winding n2 to the main switch 204 to negative terminal V dc (-), we assume that 
the duty ratio of the main switch 204 is D Q1 . Because Volt verse Sec 
relationship from a magnetic component of the second filtering inductor 201 to 
the secondary winding n2 must reach equilibrium, the voltage during a cut-off 
period of the main switch 204 relates to a relationship between the voltage V C 2 
at the second capacitor 206 and the input voltage, i.e. an output voltage verse an 
input voltage relationship in a boost circuit as shown in the following equation 
(6): 



V 

V = dc 



7 l-D 

1 -Q\ 



(6) 



[0054] After the node Nl is analyzed, it can be inferred that the DC current 
portion I m2 is equal to I in . Because the windings nl and n2 are wound on the 
same magnetic circuit and the phase of the windings nl and n2 are the same, we 
can infer the following equations (7) and (8). 

I Lm 1 ~ I Lm 2 ~ ^ ml 

(7) 
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1 n\ ~ ^nl 



(8) 



[00551 Please refer to Figs 11(a) - 11(g) which illustrate a circuit driving 
schematic diagram of the DC/DC converter of the first embodiment of the 
present invention. The main working principle of Figs 11(a) - 11(g) are 
explained as follows: 

[0056] Mode 1 ( t 0 - t x ): As shown in Fig. 11(a), the main switch 204 is 
turned on and the auxiliary switch 205 is turned off and the energy stored in the 
second filtering capacitor 203 is transferred to the secondary winding, in that 
case, i LS > Im* The input current lin is stored as magnetic energy in the 
transformer in order to he fundamental step to continuously transfer energy to 
the secondary winding after the main switch 204 is cut off At this time, the 
equivalent circuit is illustrated in Fig. ll(a)B. After analysis, the following 
equations (9) - (1 3) are inferred. 



'is — 1 ml ~ I in 



(9) 



■ • 

l Lm\ ~ Z Am 1/0 + 



\% U c\ dt 



L , + L , + L 

-ml ml s 

(10) 



U c\ ~" W cl/0 
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l s = / stO + 




sin#V 



(12) 



(0 Q = 




2 n ^L s (CM //(~C5 + C6 ) ' ) 



(13) 



wherein, C } is a capacitance of the second filtering capacitor 203 
C 5 is a capacitance of the third capacitor 215 
Q is a capacitance of the fourth capacitor 213 

u c i is a end voltage of the second filtering capacitor 203, Le. it is 
proportional to a current calculated by equivalent circuit from the secondary 
winding to the primary winding as a difference between a current flowing 
through the winding nl and the current i LM1 



transformer primary winding 

Ci//(C 5 + C 6 )' is a capacitance calculated by equivalent circuit to the 
filtering capacitor 203 connected in parallel with the capacitors 2 12, 2 1 3 

u'(C5+c6) is a voltage calculated by equivalent circuit from 

transformer secondary winding to primary winding 

L s is the sum of the leakage inductances L S i and L S 2 
[0057] Mode 2 ( tl - t2): As shown in Fig. (b)A, the main switch 204 is 
cut off and the auxiliary switch 205 is turned off. Because the current in the 



(C 5 + C 6 )' is a capacitance calculated by equivalent circuit from the 
capacitances of the capacitors 212, 213 at secondary winding to capacitance of 
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inductance L s can not change abruptly, the first capacitor 207 continuously is 
charged until the voltage of the first capacitor 207 reaches to the clamping 
voltage Vc2- Under this operation mode, energy is continuously transferred 
from the primary winding to the secondary winding. The magnetic energy 
stored in transformer reaches to a maximum value. Under this operation, the 
time or duration is very short, so it is assumed that the excited current i Lm (i Lm = 
iuni + iun2) is not changed, the voltage levels of the second filtering capacitor 
203, and the voltage levels of the equivalent capacitor (C5 + C6)' for the 
secondary winding capacitors 212 and 213 are not changed because the 
capacitances of the secondary winding capacitors 212 and 213 is larger than the 
capacitance of the first capacitor 207 which is deemed as being reasonable. The 
voltage level at the first capacitor 207 changes from zero to positive value of 
V c2 + Uciti- It is assumed that the function of the voltage level affecting i s is that 
it equal to an equivalent circuit when the voltage level is equal to (V C 2 + Ucui)/2. 
The equivalent circuit is shown in Fig. ll(b)B from which the following 
equations ( 1 4)-( 1 7) are derived. 



l Lm\t\ ~ l LmU2 



(14) 



05) 



l s — l stl ~ 



(U (C5+C6)M + ^ V c2 - ~U cUl )t 



4 



(16) 
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T 



(17) 



[0058] Mode 3 (t2 - t3): As shown in Fig. l l(c)A, when the first 
capacitor 207 is charged to a pre-determined value, the parasitizing diodes of the 
main switch 204 is turned on. The turning on the parasitizing diodes create a 
conductive environment for zero-voltage-switch conduction of the auxiliary 
switch 205. Because the energy of the leakage inductance is larger (at this time, 
the current of the inductance L s is bigger than that of the excited current), the 
energy is transferred toward the secondary winding. Because the time duration 
is shorter, it is assumed the voltage of the capacitance (212 + 213)' is not 
changed. Its equivalent circuit is illustrated in Fig. ll(c)B from which the 
following equations ( 1 8) - (2 1 ): 



l Lm\ l lmU2 



V t 



L , + L -~ + L 

ml ml : 



(18) 



U c\ ~ U c\t2 



(19) 



*C2 U (c5+c6) 

i s ^ i s i2 cos<^ 1 / + — j== — sm&it 

/ (C5 + C6) 



(20) 
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1 

co, = 



27r^L s (C5 + C6j 



(21) 



[0059] Mode 4 (t 3 - t 4 ): As illustrated in Fig. 1 1 (d), at time t 3 , the current 
in inductance L s is smaller than the excited current and the current in the 
secondary winding reduces to zero value. Therefore, the cut-off or turning-off 
of the diode at the secondary winding belongs to zero-current-switch cut-off. 
After the direction of the current changes, the energy stored in inductance L s 
continuously provides energy to the second capacitor 206. Under this operation 
mode, the equivalent circuit is illustrated in Fig. ll(d)B from which the 
following equations (22)-(24) are inferred. 



Lm\ l Lm\t3 



V t 



^mX ml 



(22) 



I J 



"el = U c\,i + 



c, 



(23) 



. (C5 + C6)' T . 2 . . 
/ = v — V ci sin o),t 

L. 



(24) 



[0060] Mode 5 (t 4 - t 5 ): As illustrated in Fig. 1 l(e)A, the current flowing 
through the auxiliary switch 205 and the inductance LS can not change abruptly 
and is under resonance oscillation with the first capacitor 207 so as to let the 
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second filtering capacitor 203 discharge. Its equivalent circuit is illustrated in 
Fig. ll(e)B. Because the operation duration of the Mode 5 is shorter and is 
similar to the Mode 2. Therefore, it is assumed that the current i^M is not 
changed, and that the voltages at the second filtering capacitor 203 and the 
capacitor (212 + 213)' are not changed (because the capacitances of the two 
capacitors are larger than that of the first capacitor 207. Thus, the assumption is 
reasonable.), and that the voltage level at the first capacitor 207 changes from 
V C 2 + u c i t i to zero value. From the above descriptions, the following equations 
(25)-(28) is inferred. 



l Lm If 4 ~ l Lm 1/5 



(25) 



U c\ ~" U c\tA 



(26) 



l s 5= I 5(4 - 



(u (CS+C6) - i V c2 + ^u cm )t 



4 



(27) 



l A5 ~ r : 

J , l jt4 + l sl5 
ml 2 

(28) 

[0061] Mode 6 (t 6 - t 7 ): As illustrated in Fig. 11(f), the turning on or 
conduction of the body diode of the main switch 204 creates a favorable 
condition of zero -voltage- switch (ZVS) conduction. The current in the 
inductance L s is larger than excited current. Therefore, energy is transferred to 
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the secondary winding. At this time, the following equations (29)-(31) are 
obtained. 



l Lm\ ~~ hmltS + 



r 6 

\ s U c\ dt 



L , + L ~ + L 

m\ ml s. 



(29) 



U c\ = U cUS +■ 



(30) 



r C2 M (C5+C6) 

/ ? « / «5 cos&> 0 £ - — :Sin co 0 l 

C, //(C5 + C6) 




(31) 



[0062] Mode 7 (t 6 - 1 7 ): As shown in Fig. 1 1 (g)A, at time t 6 , the current in 
the inductance L s is smaller than the excited current. The current in the 
secondary winding decreases to zero value. Therefore, the turning off or cut-off 
of the diode at the secondary winding is zero-current-switch (ZCS) cut-off. 
After the current changes its direction, the energy stored in the inductance L s 
continuously transferred to the second capacitor 206. Under the operation mode, 
its equivalent circuit is shown in Fig. ll(g)B from which the following 
equations (32)-(35) are inferred. 
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£u cl dt 



(32) 



(33) 



.. (C5 + C6)'„ 2 . 
/ s = — ^-V c2smaj ] t 



s 



(34) 



1 



2xjL s (C5 + C6] 



(35) 



[0063] After the operation of Mode 7 is over, the status of the circuit 
returns to the Mode 1. 

[0064] With respect to the DC magnetic bias, it is analyzed as follows: 

In the circuit, for the primary winding and secondary winding of the 
transformer, no DC magnetic bias exists in the winding nl while DC magnetic 
bias exists in the winding n2. For facilitating the analysis, an analysis model of 
the transformer 202 is shown in Fig. 12 in which L m] and L m2 are respectively 
the excited inductances of the primary windings nl and n2 of the transformer 
202. Because no DC current portion can flow through the capacitor C a and C b , 
the DC current portion at L m2 is equal to the input DC current portion. It is 
assumed that the power factor of the power supply is 1. Then, the following 
equations (36)^(39) are obtained. 
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- /« sin at 



(36) 



i> = V I = P "»t 

in in in / 



(37) 




(38) 



/ = 4ii = V2 



owr max 



wmax * rnmax 

mmin 



in min / 

(39) 

The DC bias peak value of the magnetic potential in the magnetic core of the 
transformer is as follows: 



^ max max 



(40) 



^cmax = M BBB = («2 + «l)/ mmax 



(41) 



[0065] After the DC bias peak values of the magnetic potentials in the 
magnetic cores of the two transformers between the prior art and the present 
invention are compared, the DC bias peak value of the present invention is 
smaller (depending upon the design). The present invention increases the core 
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t 

utilizing rate of the transformer, decreases the gas gap of the magnetic core and 
reduces the loss of the transformer. 

[0066] The input current ripple is analyzed as follows: In order to 
construct and analyze the analysis model as shown in Fig. 13 in which the 
voltage V] is a voltage in the transformer winding nl. From the analysis of the 
magnetic circuit, it is known that when the main switch 204 is turned on, the 
voltage at node Nl is equivalent to a sum of a voltage of the second filtering 
capacitor 203 and a voltage of V c i. When the main switch 204 is turned off, the 
voltage at node Nl is equivalent to a sum of a voltage of the second filtering 
capacitor 203 and a voltage of V c i as illustrated in Fig. 13. From Fig. 14, after 
reviewing a correctly selected winding nl, a voltage ripple waveform of two 
peaks is obtained at the node NL Its effect is equivalent to a double frequency 
applied to a rear stage high frequency inverter. Therefore, the input current 
ripple is greatly reduced and the input power factor of the power supply 
increases. 

[0067] From the above analysis, the present invention has the following 
advantages: 

(1) Because the input current is of a continuously conductive type and the 
filtering inductor is connected to the filtering capacitor through the winding 
nl, the current ripple is smaller in comparison with it shown in Fig. 3 ( At 
the same ripple conditions, the input filtering inductance may be decreased). 
Therefore, the power factor is higher. 

(2) No DC bias value exists in the winding nl and the DC current portion 
passes through the winding n2 only. Therefore, the bias magnetic potential 
of the magnetic core is smaller than that of Fig. 3. The utilizing rate of the 
magnetic core of a high voltage transformer increases. 
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(3) The main power component and the auxiliary power component can 
implement a zero-voltage-switch when turned on. When cut-off, after the 
buffering of the first capacitor 207, the switch loss is smaller. The 
outputting rectifying diode can implement a zero-current-switch, thus, the 
reverse recovery problem is solved and a higher efficiency and power 
density of a device is obtained. 
[0068] However, the above analysis is accomplished through example by 
the circuit shown in Fig. 6, The circuit has the following equivalent 
modification. In order to clearly explain, the circuit illustrated in Fig. 6 is 
divided into two parts as shown in Fig. 15, i.e. a first portion is an inverter 
portion and a second portion is a rectifying portion. 

[0069] (1) Equivalent modification working examples of the first portion: 

The second embodiment: When the first capacitor 207 is connected in 
parallel with the primary winding of the transformer, it equivalent to a circuit in 

* - 

which the first capacitor 207 is connected in parallel with the ends of the switch 
204, or a circuit in which a body capacitor of the main switch 204 substitutes the 
first capacitor 207 as shown in Fig. 16. 

The third embodiment: The in-series circuit of the second capacitor 206 
and the auxiliary switch 205 is coupled in parallel with the primary winding of 

> 

the transformer so as to absorb the current and to reset the transformer. Its 
equivalent circuit is that the in-series circuit of the second capacitor 206 and the 
auxiliary switch 205 is coupled in parallel with the ends of main switch 204 as 
shown in Fig. 17. The auxiliary switch 205 can be driven by use of a p-channel 
IGBT or MOS. 

The fourth embodiment: The above two equivalent rules are summed up 
and combined: When the first capacitor 207 is connected in parallel with the 
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primary winding of the transformer, it equivalent to a circuit in which the first 
capacitor 207 is connected in parallel with the ends of the switch 204 or a circuit 
in which a body capacitor of the main switch 204 substitutes the first capacitor 
207. The in-series circuit of the second capacitor 206 and the auxiliary switch 
205 is coupled in parallel with the ends of main switch 204 as illustrated in Fig. 
18. 

[0070] (2) Equivalent modification working examples of the second 
portion: 

The fifth embodiment: The second portion of Fig. 16 is a full wave voltage 
doubler rectification. If a half wave voltage doubler rectification substitutes the 
second portion of Fig. 16, an equivalent modification of the present invention as 
illustrated in Fig. 19 can be obtained. 

The sixth embodiment: The second portion of Fig. 16 is a full wave voltage 
doubler rectification. If a full bridge rectification substitutes the second portion 
of Fig. 16, an equivalent modification of the present invention as illustrated in 
Fig. 20 can be obtained. 

The seventh embodiment: The second portion of Fig. 16 is a full wave 
voltage doubler rectification. If a full wave rectification substitutes the second 
portion of Fig. 16, an equivalent modification of the present invention as 
illustrated in Fig. 21 can be obtained. 

The eighth embodiment: The second portion of Fig. 16 is a full wave 
voltage doubler rectification. If another half wave rectification substitutes the 
second portion of Fig. 16, an equivalent modification of the present invention as 
illustrated in Fig. 22 can be obtained. 

[0071] In conclusion, the present invention provides a magnetron high 
frequency device to decrease the DC bias of a magnetic flux of a high voltage 
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transformer and to prevent the transformer from being operated under saturation 
state. Therefore, the present invention solves the problems of prior art and 
achieves the object of the present invention. 

[0072] While the invention has been described in terms of what is 
presently considered to be the most practical and preferred embodiments, it is to 
be understood that the invention needs not be limited to the disclosed 
embodiments. On the contrary, it is intended to cover various modifications and 
similar arrangements included within the spirit and scope of the appended 
claims, which are to be accorded with the broadest interpretation so as to 
encompass all such modifications and similar structures. 
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